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(54) Apparatus for charging a substrate and an image forming apparatus comprising an 
apparatus of this kind 



(57) Apparatus for charging a substrate comprising 
a dielectric substrate (4), a support member (1 7) having 
a first end (23) and a second end (24) between which 
said member extends substantially parallel to said sub- 
strate, a row of electrodes (1 8) distributed over the sup- 
port member between the first and second ends, said 



electrodes extending from the support member in the 
direction of the substrate, the electrodes having a free 
end (25) for spraying charge on the substrate, each free 
end having a mainly substantially fixed distance from the 
substrate, wherein the said distance in the case of a first 
electrode (d1) differs substantially from the said dis- 
tance in the case of a second electrode (d2). 




FIG. 2 
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Description 

[0001] This invention relates to an apparatus for 
charging a substrate comprising a dielectric substrate, 
a support member having a first end and a second end 
between which said member extends substantially par- 
allel to said substrate, a row of electrodes distributed 
over the support member between the first and second 
ends, said electrodes extending from the support mem- 
ber in the direction of the substrate, the electrodes hav- 
ing a free end for spraying charge on the substrate, each 
free end having a predetermined mainly fixed distance 
from the substrate. The invention also relates to an im- 
age forming apparatus provided with an apparatus of 
this kind. 

An apparatus of this kind is known from Japanese Laid- 
Open specification JP 031 64467, in which a corona unit 
is described which can be used in an image forming ap- 
paratus, for example a printer, copying machine or fax. 
Apparatus of this kind frequently makes use of an image 
forming process wherein a dielectric substrate, usually 
a photoconductor, is uniformly charged in a first step by 
use of a corona unit. 

For this purpose, a pin corona is used in JP 03164467. 
In a corona of this kind, a large number of individual elec- 
trodes extend from the support member in the direction 
of the substrate which is to be charged. In this case the 
support member is an elongate electrically conductive 
member of a length substantially equal to the width of 
the substrate for charging. In this way the substrate can 
be charged over its full width by passing it beneath the 
corona unit. At their free ends the electrodes are provid- 
ed with a sharp point with a very small radius. By the 
application of a high voltage between the electrodes and 
the substrate, a charge will be sprayed from the point of 
the electrode in the direction of the substrate. Since the 
substrate is dielectric, charge can thus be built up on the 
surface of the substrate, in a following step, a charge 
image is then created on the substrate by discharging 
said substrate imagewise. This charge image can then 
be converted to a visible image by developing it with ton- 
er. To obtain good image quality, it is important that a 
uniform charge is applied to the surface of the substrate 
during the initial charging. Frequently, a non-uniform 
charge of the substrate is obtained due to all kinds of 
effect. For example, at the ends of the support member 
there are edge effects perceptible. Since the outermost 
electrodes have no more neighbouring electrodes, there 
will often be less charge sprayed on to the substrate in 
the vicinity of these ends per unit area. JP 03164467 
does not give any solution for this problem. By bending 
the support member of the corona unit in the vicinity of 
the respective ends in the plane parallel to the substrate 
the effective electrode density is greater at these ends. 
In this way the lower charge in the vicinity of the ends 
can be compensated. 

[0002] The apparatus as known from JP 03164467 
has one important disadvantage however. Since the 



support member has a bend, it is practically impossible 
to clamp this element in a corona unit while retaining the 
required bend. Clamping of this kind is necessary in or- 
der to obtain reliable location of the support member in 
s the corona charging apparatus. In the absence of a re- 
liable location of this kind, the charging level of the sub- 
strate cannot be obtained at a predetermined and uni- 
form value, and this has an adverse effect on the final 
image quality. 

w [0003] The object of the invention is to obtain an ap- 
paratus for charging a substrate whereby a predeter- 
mined uniform or substantially uniform charging of the 
substrate can be obtained. To this end, an apparatus in 
accordance with the preamble of claim 1 has been in- 

15 vented which is characterised in that the said distance 
in the case of a first electrode differs substantially from 
the said distance in the case of a second electrode. It 
has been found that charging the substrate at the loca- 
tion of an individual electrode can be influenced by var- 

20 ying the distance between the free end of said electrode 
and the substrate. As soon as a change of this distance 
results in a perceptible change of the charging level of 
the substrate (approximately one volt is already percep- 
tible), this may be referred to as a substantial change. 

25 a smaller distance often results in a stronger charging 
of the substrate, while a larger distance results in a 
weaker charge. If the charge is locally too weak, for ex- 
ample at the edge of the substrate, the charge can be 
brought to an adequate level by precisely reducing at 

30 that location the distance between the free end of one 
or more electrodes and the substrate. A change in the 
distance equal, for example, to one-tenth of a millimetre 
will already result in a perceptible change of the charg- 
ing level of the substrate at the corresponding electrode. 

35 if the charge is locally too strong for any reason what- 
soever, then the distance of the free end of one or more 
electrodes corresponding to that location could be in- 
creased. By trial and error it is thus possible in simple 
manner to obtain a corona unit which has no bend but 

40 nevertheless results in an adequately uniform charging 
of the substrate. Since the support member can be 
made completely straight, it can be fixed in known man- 
ners in the corona unit so that a reliable location with 
respect to the substrate can be obtained. By using an 

45 apparatus according to the invention, therefore, a pre- 
determined uniform or almost uniform charging of the 
substrate can be obtained. 

[0004] Charging apparatus in which pin coronas are 
used is also known from US 3 655 966 and US 5 083 

so 959, in which the free ends of the electrodes do not ex- 
tend through a straight line. Nevertheless, it is known 
from both patent specifications that each of the free 
ends must have the same distance from the substrate 
for charging, in order to obtain a uniform charge. The 

55 configuration of the free ends is used as an adaptation 
to a bend of the associated substrates. As a result, these 
known devices still have the problem of a non-uniform 
charge. This means that these devices are further away 



EP 1280 016 A1 



from the present invention than the above-described ap- 
paratus. 

[0005] in one embodiment of the present invention, 
said distance for electrodes in the vicinity of the first and 
second ends of the support member is less than the dis- 
tance for electrodes in the vicinity of the middle of the 
support member It has been found that a weaker charge 
occurs particularly at the edges of the substrate, in many 
corona units. The apparatus according to this embodi- 
ment solves this problem by placing the free ends of one 
or more electrodes in the vicinity of these edges more 
densely in the neighbourhood of the substrate, so that 
the charging level is locally influenced positively. By se- 
lecting a suitable distance, it is possible in principle com- 
pletely to compensate for the difference in charging level 
so that a uniform charge is obtained. 
[0006] In another embodiment of the invention, the 
electrodes in the row are substantially congruent and 
the support member has a side for carrying the elec- 
trodes, said side being profiled. In this embodiment, the 
electrodes themselves are substantially identical and of 
the same shape. This has the advantage that the spray- 
ing behaviour of the electrodes is also substantially 
equal, and this has a favourable influence on image 
quality. A difference in the distance of the free end of an 
electrode from the substrate is obtained in this embod- 
iment by locally displacing the support member, at least 
that side of said member which carries the electrodes. 
As a result, this side acquires a profile. A profile of this 
kind can assume many shapes. If only one end of an 
electrode is to be displaced, said profile can, for exam- 
ple, be a step function. In a practical embodiment, how- 
ever, it will more frequently be the case that a number 
of adjoining free ends must be displaced. This can be 
done, for example, by giving the associated side of the 
support member a gradually extending profile. 
[0007] in another embodiment, said side of the sup- 
port member is so profiled that said side forms part of a 
polygon, each side of the polygon carrying at least one 
electrode. In this embodiment, the profile extends grad- 
ually, via a number of straight support elements merging 
into one another and which in each case form a different 
angle with the substrate. It has been found that a support 
member according to this further embodiment is simple 
to produce because the electrodes themselves can re- 
main in the same form. 

In a further embodiment, the sides of the polygon which 
form an angle with the substrate otherthan mainly 1 80° 
carry a maximum of five electrodes. It has been found 
that with an apparatus according to this embodiment a 
predetermined uniform of the substrate can be obtained 
in simple manner. Since the number of electrodes for 
each support element is restricted to a maximum of five, 
the charging level can be accurately controlled. 
[0008] The invention will now be explained in detail 
with reference to the following Figures: 

Fig. 1 is a diagram of an image forming apparatus. 



Fig. 2 is a diagram of a support member provided 
with electrodes. 

Fig. 3 shows part of the support member in greater 
detail. 

5 Fig. 4 is an example of an electrode. 
Figure 1 

[0009] Fig. 1 diagrammatically illustrates an image 

io forming apparatus, a digital printer in this embodiment. 
This printer comprises a printhead 1 , which comprises 
a page-wide LED-array (not shown). Said printhead is 
actuated via a controller (not shown), which converts 
digital data into pixel information. The printer is provided 

15 with an endless photo-sensitive belt 4 trained around the 
rollers 2 and 3. At least one of these rollers is driven by 
a motor (not shown), so that the belt rotates in the indi- 
cated direction at a substantially constant speed. During 
the rotation, the outer surface of the belt 4 is uniformly 

20 charged by means of the corona unit 5, which is dis- 
posed upstream with respect to the printhead 1 . In this 
embodiment the corona unit comprises a support mem- 
ber 1 7 extending over the width of the belt 4. The support 
member is provided with a large number of electrodes 

25 1 8 (also shown in Figs. 2, 3 and 4) which are distributed 
uniformly over the length of the support member. In this 
way a pi n array is formed . Th e corona u nit is practical fy 
as long as the belt 4 is wide in order to prevent excessive 
charge being sprayed next to the belt 4. This causes 

30 charges in the apparatus, which have a negative influ- 
ence on the operation of said apparatus and may even 
be dangerous to a user of the apparatus. The LED's of 
the printhead are adapted to be individually actuated by 
means of a driver circuit (not shown) operatively con- 
as nectedto the LED's. In this embodiment, the driver chips 
are also located on the above-mentioned substrate. The 
driver circuit is actuated image-wise by means of exter- 
nal pulses so that the LED's illuminate the charged pho- 
toconductor 4 image-wise. As a result, the charge on 

40 the surface of the photoconductor 4 is selectively dissi- 
pated so that an electrostatic latent charge image forms 
on the photoconductor while it is passing the printhead. 
This charge Image is taken along a developing station 
6 where the charge image is converted to a visible im- 

45 age, for example by developing the charge image with 
toner as is adequately known from the prior art. 
The toner image is then conveyed to a transfer station 
where, in this embodiment, a transfer corona 11 is situ- 
ated. On the other side, a receiving material 10, for ex- 

so ample a sheet of paper, is detached from a stock pile by 
the use of separating roller 7. Said receiving material is 
then conveyed by transport rollers 8 and 9, which also 
act as registration rollers, to the transfer station. By cor- 
rect timing, the toner image and receiving materialcome 

55 into registration at the said station. In this station, the 
toner image is transferred from the photoconductor 4 to 
the receiving material 10 by means of transfer corona 
1 1 . The receiving material 1 0, which nowcarries the ton- 
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er image, is then fed through a fixing station 12, where 
the toner image obtains permanent adhesion to the re- 
ceiving material by the use of heat and pressure. The 
receiving material 10 is then placed in the printer deliv- 
ery tray by means of the roller pair 1 3. 5 
The printer also contains a post-exposure lamp 14 in 
order to illuminate any residual charge present on the 
photoconductor. The belt 4 is then cleaned in cleaning 
station 15, where any residual toner is removed from the 
surface of the belt 4. The printing process can then re- to 
start for this part of the belt. 
[0010] In respect of the present invention it is imma- 
terial how the corona unit 5 is actually constructed. For 
example, it is possible to use more than one support 
member. It is also possible to create around the pin array 
a special ventilation system, which if required may be 
equipped with one or more filters, so that soiling of the 
array, the belt 4 and other parts of the apparatus is min- 
imised. The specific location of the corona unit with re- 
spect to the belt also forms no part of this invention. It 
is possible, for example, to adapt the corona unit so that 
it can be placed level with a curvature in the belt, for 
example where it is trained around a roller. 

Figure 2 



4 has a positive potential with respect to the support 
member 17, the negatively charged particles will move 
in the direction of the substrate 4. As a result the surface 
of said substrate will be charged negatively. In this em- 
bodiment the substrate 4, an organic photoconductor, is 
charged to a potential of 150 volts typically. If no further 
steps are taken, the inequality of this potential over the 
width of the photoconductor would often be more than 
1 0 volts. The reasons for this, for example, are the edge 
effects as described above, and also mechanical toler- 
ances in the image forming apparatus, lack of homoge- 
neity in the photoconductor and other phenomena may 
form the basis for this. In principle, each non-uniformity 
in the charge over the width of the substrate 4 (corre- 
sponding to the length of the corona unit) can be cor- 
rected by the use of the present invention. 
To correct the non-uniformity due to edge effects at the 
corona unit, the distances d1 and d3 in this embodiment 
are 0.6 mm smaller than d2. As a result of this apparently 
minor change in the distance, the absence of electrodes 
at the ends 23 and 24 appears to be capable of almost 
complete compensation. In this way, an almost uniform 
charge of the substrate, typically with inequalities of less 
than 10 volts, and preferably less than 5 volts, can nev- 
ertheless be obtained. 



20 



[001 1] This Figure diagrammatically illustrates a sup- Figure 3 
port member 17 provided with electrodes 18. Together 

they form important components of pin array 20. In this [0012] Fig. 3 shows the part of the support member 
embodiment, the pin array consists of an elongate and 30 1 7 indicated in Fig. 2 in greater detail by means of the 
flat support member made from a conductive metal. At ellipse A. This Figure shows that the side 30 of support 
itsfirstandsecondendsthesupportmemberisprovided member 17 which carries the electrodes 18 in this em- 
with holes 21 and 22 so that the support member can bodimentforms part of a polygon. For this purpose, said 
be fixed in a corona unit. side 30 is divided into a number of surfaces 26, 27, 28 
When the pin array is incorporated in an apparatus for 35 and 29, each forming one side of the polygon. As a re- 
charging a substrate 4, the array extends substantially suit, the support member is concave with respect to the 
parallel to the substrate. For simplification, the other substrate. The first side, surface 26 in this case, forms 
parts of the corona unit have not been shown. The row a relatively acute angle with the substrate 4. This side 
of electrodes 18 extends from the surroundings of the carries one electrode. The next side 27 carries three 
first end 23 to the surroundings of the second end 24 of *o electrodes, which have an ever-increasing distance 
the support member. In this case the electrodes are dis- from the substrate. The next side 28 carries five elec- 
tributed equally over a certain length of the support trodes, and these also have a distance which continu- 
member, said length being somewhat greater than the ously increases with respect to the substrate. Finally, the 
width of the substrate 4. 1 n order to charge the substrate fourth side 29 forms an angle of 1 80° with the substrate 
uniformly, the distances d1 and d3 which the free ends so that the free ends 25 of the electrodes on this side 
25 of the electrodes 1 8 from the substrate 4 in the neigh- each have the same distance from the substrate, i.e. d2. 
bourhood of the locations 23 and 24 are smaller than The invention also includes other embodiments. The 
the distance d2 which the free ends of the electrodes embodiment namely which is required to obtain a uni- 
have from the substrate in the middle of the support form charge of the substrate is dependent on many fac- 
member. In this embodiment, in which there is a voltage so tors. For example, the magnitude of the inequality in the 
of about 8 kV between the substrate and the support charge which requires compensation, the location of the 
member, the distance d2 is typically 30 mm. As a result inequality, the sign of the inequality (charge too high or 
of the potential difference between the array 20 and the too low), the required uniformity, the distance from the 
substrate, an electric field is present between this array substrate, the mechanical tolerances in the apparatus 
and the substrate. Due to the considerable curvature of 55 containing the charging device, the number of elec- 
the electrodes at their end 25, the field strength at this trodes, the type of electrode, the voltage between the 
curvature is very strong and the air in the surroundings pin array and the substrate, the type of substrate, the 
of these ends is ionised. In this case, since the substrate production technique for the pin array and so on, are all 
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important in order to determine the most optimum em- 
bodiment. By experiment and measurements the skilled 
man can readily determine the most optimum embodi- 
ment in each situation. 

Figure 4 

[001 3] Fig. 4 is an example of an electrode of the kind 
that can be used in an apparatus according to the in- 
vention. In this embodiment the electrode 18 is formed 
into a triangular structure. The base 50 of the triangle 
coincides with side 30 as shown in 
Fig. 3. The triangle also comprises two sides 51 and 52 
terminating at the free end 25. The total height of the 
triangle indicated by d4 is about 1 .5 mm. 
The charging behaviour of an electrode of this kind de- 
pends greatly on the geometry of the electrode. Partic- 
ularly the radius of thef ree end 25 is important, although 
the radius of curvature 40 and thesize of the apex angle 
a also have an influence on the charging behaviour. In 
this embodiment, the radius of the free end is about 0.02 
mm and the radius of the curvature 40 is about 0.5 mm. 
The apex angle a is about 60°. As a result of the con- 
siderable curvature of the free end, the field strength 
around said end is very great when there is a voltage 
between the support member 17 and the substrate 4. 
As a result, the molecules in the air around this end are 
readily ionised. 



Claims 



3. An apparatus according to any one of the preceding 
claims, characterised in that the electrodes in the 
row are substantially congruent and in that the sup- 
port member has a side forcarrying electrodes, said 

5 side being profiled. 

4. An apparatus according to claim 3, characterised 
in that said side of the support member is so pro- 
filed that said side forms part of a polygon , each side 

10 of the polygon carrying at least one electrode. 

5. An apparatus according to claim 4, characterised 
in that the sides of the polygon which form an angle 
with the substrate other than substantially 1 80° car- 
's ry a maximum of five electrodes. 

6. An image forming apparatus provided with an ap- 
paratus according to any one of the preceding 
claims. 

20 
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1 . Apparatus for charging a substrate comprising 

- a dielectric substrate (4), 35 

- a support member (1 7) having a first end (23) 
and a second end (24) between which said 
member extends substantially parallel to said 
substrate, 

a row of electrodes (18) distributed over the *o 
support member between the first and second 
ends, said electrodes extending from the sup- 
port member in the direction of the substrate, 
the electrodes having a free end (25) for spray- 
ing charge on the substrate, each free end hav- 45 
ing a predetermined mainly fixed distance from 
the substrate, 



characterised in that the said distance in the case 
of a first electrode (d1 ) differs substantially from the so 
said distance in the case of a second electrode <d2). 



2. An apparatus according to claim 1 , characterised 
in that said distance for electrodes in the vicinity of 
the first and second ends of the support member is 55 
less than the distance for electrodes in the vicinity 
of the middle of the support member. 
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FIG. 4 
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